, 112 children with a closed displaced supracondylar fracture of the humerus without vascular deficit, were managed by elevated, straight-arm traction for a mean of 22 days. The final outcome was assessed using clinical (flexion-extension arc, carrying angle and residual rotational deformity) and radiographic (metaphyseal-diaphyseal angle and humerocapitellar angle) criteria. Excellent results were achieved in 71 (63%) patients, 33 (29%) had good results, 5 (4.4%) fair, and 3 (2.6%) poor. All patients with fair or poor outcomes were older than ten years of age.
Between January 1995 and December 2000, 112 children with a closed displaced supracondylar fracture of the humerus without vascular deficit, were managed by elevated, straight-arm traction for a mean of 22 days. The final outcome was assessed using clinical (flexion-extension arc, carrying angle and residual rotational deformity) and radiographic (metaphyseal-diaphyseal angle and humerocapitellar angle) criteria. Excellent results were achieved in 71 (63%) patients, 33 (29%) had good results, 5 (4.4%) fair, and 3 (2.6%) poor. All patients with fair or poor outcomes were older than ten years of age.
Elevated, straight-arm traction is safe and effective in children younger than ten years. It can be effectively used in an environment that can provide ordinary paediatric medical care and general orthopaedic expertise. The outcomes compare with supracondylar fractures treated surgically in specialist centres.
No single method of management is suitable for all supracondylar fractures of the humerus in children. 1 A patient with a supracondylar fracture and a cold, pale, pulseless hand calls for urgent surgical attention to re-establish circulation and stabilise the fracture. Closed, displaced supracondylar humeral fractures in children without associated neurovascular injury can be successfully managed either surgically or conservatively. Surgical options include closed or open reduction and stabilisation with Kirschner wires (K-wires). Complications including redisplacement of the fracture, 2,3 cubitus varus, 2, 4, 5 iatrogenic nerve injuries, [6] [7] [8] and pin-track infection 8, 9 have been reported following surgery. Strict adherence to protocols and surgical expertise are necessary for a successful outcome with K-wires. 4, 10 Traction has been used in the management of supracondylar fractures since 1939 when Dunlop 11 described straight-arm traction with the elbow extended. Other authors applied the traction with the elbow slightly flexed. 12 Skeletal traction with a K-wire 13 or a screw anchor 14 have also been reported. Management of the fracture by straight-arm traction seems to have become less popular, even to have fallen into disrepute. Although Prietto 15 reported a high incidence of cubitus varus (33%) with Dunlop traction, other studies using straight-arm traction have reported excellent results. 1, 16, 17 We have managed children with closed, displaced, isolated supracondylar humeral fractures, excluding those presenting with vascular compromise, using elevated, straight-arm traction with the elbow in extension since 1995. We present our method and results with this type of management.
Patients and Methods
We treated 196 supracondylar fractures of the distal humerus in 195 children between January 1995 and December 2000.
Of 179 patients treated as inpatients, 141 were boys and 38 girls with a mean age of 6 years 2 months (2 to 11 years). One of the patients had a re-fracture one year after his original injury, which had been treated by straight-arm traction. On the second occasion the fracture was undisplaced and was treated in a collar and cuff.
The following groups were excluded from this study: 16 patients with undisplaced fractures who were treated on an outpatient basis with a collar cuff and sling only; 39 patients with Wilkins grade IIa injuries, who were managed by closed reduction under general anaesthesia and immobilisation with a plaster back slab, taping or collar and cuff for three weeks; and 15 patients who underwent accurate closed or open reduction using K-wires. Variously or in combination, the indications for closed or open reduction using K-wires were: an open fracture (11 patients), a supracondylar fracture associated with an ipsilateral fracture of the radius and ulna (one patient), a vascular injury (four patients) and a supracondylar fracture in a patient with multiple skeletal injuries. An additional 14 patients who were managed by elevated, straight-arm traction were excluded from the study either because they were lost to follow-up or because the notes and radiographs did not allow accurate determination of the outcome.
In all, 112 fractures in 112 patients were included in the study. Of these, 107 were extension fractures (Wilkins modification of Gartland's classification 18 ) types IIb & III, and five were flexion fractures. Eight patients were older than ten years of age. In five patients, the radial pulse was not palpable on admission but the hand was still warm and pink with a capillary return of two seconds. They were successfully managed conservatively in straight-arm traction. At presentation, two patients had a radial nerve palsy, six had an anterior interosseous nerve palsy, seven had a median nerve palsy and two had an ulnar nerve palsy.
The five flexion-type fractures all had anterolateral displacement of the distal fragment, but none was associated with neurovascular compromise. Of the 107 extension-type fractures, the distal fragment was displaced posteriorly in 30, posterolaterally in 30, and posteromedially in 47 patients. Posterolateral displacement of the distal fragment was most frequently associated with marked swelling and neurovascular deficit (Table I) .
Of the 112 patients treated by elevated straight-arm traction, 48 had a manipulation under general anaesthesia but, as a perfect reduction was not achieved due to the swelling or comminution, they were treated by straight-arm traction. As the study progressed, it became apparent that manipulation under general anaesthesia was not necessary except in patients with extreme distress, deformity, or at risk of skin necrosis over the anterior aspect of the proximal fragment. The remaining 64 patients were managed by straight-arm traction from the outset without being taken to the operating theatre. The mean duration of traction was 22 days (14 to 28) and all children tolerated it well.
Since 1997, our standard management has been undertaken in the casualty department and the ward. After providing adequate analgesia and making a complete assessment of the patient, including the neurovascular status of the injured limb, the child is admitted to the ward, and below-elbow, straight-arm skin traction is applied (Fig. 1) . Application of traction. Skin traction is applied with the elbow extended and forearm in supination in the straight lateral position. Adhesive tapes are applied to the forearm and held with an elasticated bandage. The shoulder is kept at 90˚ abduction. The cord from the skin traction passes over a universal joint pulley and enough weight is attached to the end of the cord (0.45 to 1.8 kg) so that the arm is just lifted from the surface of the bed. The traction side of the bed is elevated with blocks under the legs of the bed to supply counter-traction. A single dose of weight-adjusted, orally administered, opiate provides the necessary analgesia for the application of traction. Once instituted, the traction itself provides the arm with sufficient support so that further opiate administration is rarely required. The neurovascular status is monitored for the first four days with frequent inspection by the ward staff and doctors to ensure that the arm remains elevated from the bed. This is because the elbow will flex if the arm comes to rest on the bed. Abduction of the shoulder needs to be adjusted by sliding the pulley so that the carrying angle of the injured limb is the same as the uninjured arm.
When setting up the traction it is helpful, but not crucial, to consider the likely pattern of displacement of the distal fragment. For fractures with posteromedial displacement, when the distal fragment is often rotated internally or in varus angulation, traction with the forearm supinated and shoulder in wide abduction gradually reduces the fracture. The position is easily maintained by placing the pulley on A patient in straight-arm traction. Note that the arm is suspended from the bed surface by traction. The bed is elevated on the ipsilateral side in order to provide counter traction.
the injured side, towards the head of the bed. Correction for fractures with posterolateral displacement, when the distal fragment is often externally rotated or in valgus, is achieved with traction positioned so that the shoulder is in abduction of 90˚ or less. The forearm can be allowed to rest in the midprone position although in the supinated position the carrying angle is more readily assessed. The pulley for these fractures is positioned midway between the foot and the head ends of the bed. Rather than adopting rigid rules, however, it is better to adjust the degree of abduction of the arm in traction early in treatment as dictated by the direction of displacement of the distal fragment in the coronal plane according to the apparent carrying angle. Anteroposterior (AP) and lateral radiographs are obtained in bed each week with the arm in traction. The traction is discontinued when the patient is able to actively flex the elbow in traction. Follow-up. The children were reviewed at one week, three months, nine months and at two years after discharge from hospital, with AP and lateral radiographs of the injured elbow at each visit (Fig. 2) . If the remodelling was not complete or if a full range of movement was not achieved by 24 months, a further follow-up was arranged at yearly intervals. Patients were discharged sooner if and when a full range of movement, function and remodelling were achieved. The mean duration of follow-up was 24 months (9 to 48).
Outcome assessment. We used three clinical and two radiographic criteria to assess the outcome (Table II) . Each was graded as excellent, good, fair or poor and the outcome chosen was the lowest grade that the child achieved out of all of the above criteria. Clinical assessment. We used Flynn, Matthews and Benoit's 19 criteria to assess the function (flexion-extension) and the carrying angle at the last follow-up appointment. In addition, any residual rotational deformity was measured and recorded. The senior author (JD) has used the "90˚ to 90˚" method ( Fig. 3) to measure the residual rotational deformity in the injured elbow with both glenohumeral and elbow joints flexed to 90˚. It is assumed that after treatment both shoulders have a similar range of movement and that before injury the upper limbs were symmetrical in skeletal terms. The angles subtended by the forearm axis with the horizontal in maximum internal and external rotation of both the sides, are compared. If the supracondylar fracture has malunited with internal rotation of the distal fragment, there is an apparent and measurable increase in the internal rotation of the shoulder on the affected side. For malunion in external rotation, the opposite applies. Radiographic assessment. The metaphyseal-diaphyseal (MD) angle 20 was measured on the AP radiograph and the humerocapitellar (HC) angle 7, [21] [22] [23] was measured on the lateral radiograph (Fig. 4) . Serial anteroposterior (AP) and lateral radiographs of a Gartland IIIb fracture treated in straight-arm traction showing progressive remodelling and an excellent final result: a) and b) AP and lateral radiographs on the day of injury; c) and d) after one week in traction; e) and f) after four weeks in traction; g) and h) at three months' follow-up; i) and j) at nine months' follow-up.
Results
Of the 112 patients studied, 71 (63%) had an excellent, 33 (29%) a good, five (4.4%) a fair, and three (2.6%) a poor outcome. A total of 92 patients regained full flexion and extension at a mean of 12 months (9 to 24) after the injury; 20 patients had a mean restriction of flexion of 10˚ (6 to 20), and 11 developed hyperextension of the elbow compared with the normal side of 5˚ (3 to 9). The lateral HC angle was less than 10˚ in eight patients all of whom had more than 10˚ of restriction of elbow flexion (normal, 20 to 25˚); 90 children had a carrying angle which was comparable with the normal side at the end of the period in traction. An increase in cubitus valgus was noticed in 22 children, in comparison with the normal side of 7˚ (6 to 10). No patient developed a cubitus varus deformity. The MD angle was normal (90˚) in 77 children but in 34 it was reduced to a mean of 86˚ (80 to 87). A rotational deformity was observed in five children of whom four had a mild external rotational (mean 6˚) and one an internal rotational deformity of 7˚. All were cosmetically and functionally acceptable to the children and their parents. There were no neurovascular or infective complications as a consequence of treatment in straight-arm traction. Children younger than six years of age (59) required fewer days in traction (mean of 18 days (15 to 21)). They achieved active flexion in traction earlier than the older patients (53) with a mean of 26 days (22 to 29).
Discussion
The goals of management of a displaced supracondylar fracture are to recover full function in a cosmetically normal elbow. The application of longitudinal traction relieves muscle spasm and realigns the fracture. Within two to four weeks, sufficient callus is formed so that the length of the limb will be maintained without traction. Straight-arm traction corrects most cases of lateral or medial translocation, external or internal rotation and posterior angulation of the distal fragment, but is probably less effective at correcting posterior translocation. Purely posterior angulation 24 and posterior translocation 25 remodel most satisfac- Figure 3c -Internal rotation is measured to be 51˚ in this normal arm. If the supracondylar fracture has united in internal rotation, an increase will be apparent.
torily (Figs 2 and 4) . Fractures with posteromedial displacement are at a risk of malunion, with the distal fragment rotated internally or with a varus angulation. 26 This is prevented by straight-arm traction with the forearm supinated and the shoulder in wide abduction. Similarly, fractures with posterolateral displacement are at a risk of malunion with the distal fragment externally rotated and at an excessive carrying angle. 26 For these fractures, the shoulder is maintained in traction at less than 90˚ of abduction.
Flynn's grading system 19 is based on the clinical assessment of a lost arc of flexion and extension and a change in the carrying angle from the normal. The clinical data in this study were collected prospectively by the senior author (JD) who personally reviewed every patient. In addition to recording the range of movement and residual deformity, we included Flynn's grading system in our assessment (Table II) of prospectively collected clinical data. We also established radiographic criteria for a retrospective review of films.
For this reason, the MD angle rather than Baumann's angle was chosen. Although Baumann's angle is said to correlate with the final carrying angle, its normal values vary between 64˚ and 81˚, 27 making it necessary to compare the angle on the affected side with that on the unaffected side. Moreover, the inaccuracy of its measurement increases in young children and adolescents. 28 Slight variation in orientation of the X-ray beam invalidates the measurement. 16 On the lateral radiographs, reduction of the HC angle seems to be associated with loss of flexion of the elbow. However, statistical significance could not be tested as only eight patients showed reduction of flexion at final followup. In the present study, 92 of 112 patients regained full flexion and extension at a mean of 12 months after injury. Many of these patients may well have recovered full flexion earlier than this but we made no formal review between nine and 24 months. In our series, younger patients fared better following conservative management (Fig. 5) . Moreover, the younger the patient the fewer the days required in traction.
The excellent recovery of flexion following straight-arm traction depends on the remodelling capacity of the bone. All eight patients older than ten years of age were treated with straight-arm traction and had some terminal restriction of flexion (10 to 20˚). This observation suggests that displaced supracondylar fractures in children more than ten years of age might require surgery if the results of such intervention were shown to be better. All the fracture patterns encountered in the present study would have been amenable to accurate closed or open reduction with Kwires.
The straight-arm traction method is not without its drawbacks. Some weeks of inpatient management of children can impose a burden on their parents. Some authors Scatter plot showing the various outcomes and the age of each child. All patients with fair or poor results were older than ten years. Most children under the age of six years had an excellent result.
argue that traction unduly prolongs hospital stay 29 and increases costs. 15 Closed or open reduction of displaced supracondylar fractures, followed by K-wire fixation, is an excellent method of management in experienced hands with strict adherence to protocols. 4, 10 However, O'Hara et al 4 have reported a 32% rate of cubitus varus deformity after this form of treatment when guidelines were not strictly followed. Moreover, not all hospitals have access to paediatric anaesthetists. Increasingly, direct involvement of such superspecialists is being recommended in the belief that it will reduce clinical risk. If one was obliged to treat a displaced closed supracondylar fracture without neurovascular deficit surgically for any reason, the surgery can be safely postponed to be undertaken in the daylight hours. 31 The outcomes of management with straight-arm traction in this study were comparable with those of recent large studies reporting the results of closed or open reduction and Kwire fixation (Table III) .
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